, although some thought it was challenging (22, 21.6%).
Ordering and transfusing blood products are integral components of patient care. However, a number of studies have demonstrated limited transfusion knowledge among medical school students, residents, fellows, and faculty across specialties. [1] [2] [3] [4] [5] One study found that approximately 85% of calls received by transfusion medicine involved physician education and indications for blood component utilization. 4 The lack of basic transfusion knowledge further underlines the dearth of and need for medical school education in blood banking and transfusion medicine. Currently, a large number of medical schools have integrated curricula, and transfusion medicine physicians and blood bank professionals may not be the ones lecturing and teaching medical students about transfusion medicine, or the topic may not be taught at all as distinct courses are not available. A survey of German universities regarding teaching of transfusion medicine to medical students comments that 24% of the institutions do not have established professorship or specific teaching in transfusion medicine; as a result, transfusion medicine education is unstructured and lacks focus. 6 Ultimately, the topics of transfusion indications, appropriateness of blood product selection, blood product modification, potential adverse reactions, and the regulatory aspects of blood product administration are usually not appropriately covered.
Identifying a need in medical training, the Transfusion Medicine Academic Award Group (TMAA) developed a transfusion medicine curriculum for medical schools that was first proposed and published in 1989 and revised in 1995. 7, 8 Later in 2010, an ad hoc committee of the Academy of Clinical Laboratory Physicians and Scientists (ACLPS) reviewed all the available literature on medical school curricula pertaining to laboratory medicine, including the proposed TMAA curricula, as well as incorporated best laboratory practices into its own proposed curricula, including detailed goals and objectives in transfusion medicine. 9 However, a survey of medical schools showed that few were aware of the transfusion medicine curriculum as a separate entity or as part of a comprehensive laboratory medicine curriculum, and others have demonstrated that the amount of time devoted to transfusion medicine education was variable.
9,10 Some reports state transfusion medicine is formally taught to students in less than 20% of medical schools. 10 Thus, even with a detailed curriculum outlining the keystones of transfusion medicine, training remains suboptimal, and the need for education on the topic in medical school remains.
In 2011, Emory University Medical School implemented a CAPSTONE course in the final month of the students' fourth year after the National Resident Matching Program. The primary goal of CAPSTONE was to ensure that students were ready for the next phase of their medical education by focusing on the Accreditation Council for Graduate Medical Education core competencies, including Systems-Based Practice. 11 The Department of Pathology and Laboratory Medicine provided a mandatory laboratory medicine 1-day curriculum that included laboratory tours and cases with questions to stimulate discussions emphasizing laboratory medicine fundamentals as delineated by the aforementioned ACLPS curriculum. 9, 12 Eight days of half-day electives (total of 16 electives) were added to the CAPSTONE course a few years later. Students were asked to attend at least 12 electives that they chose before the CAPSTONE course started based on descriptions supplied by the faculty of each elective. Depending on the number of students who selected the electives and availability of faculty, these could be presented more than once during the CAPSTONE course. Neither the CAPSTONE directors nor the elective faculty steered students in favor of taking the elective. In this article, we describe the implementation of a 4-hour elective in blood banking and transfusion medicine within the CAPSTONE course. This elective was developed by transfusion and laboratory medicine physicians using the published ACLPS foundations for medical students in transfusion medicine ❚Table 1❚. Here we present the curriculum design, implementation, and evaluation of 3 years in which the blood bank/transfusion medicine elective has taken place. Approval from the Emory institutional review board was waived for this study, as it was considered a program/curriculum improvement.
Materials and Methods

Curriculum Design and Implementation
After introduction of the faculty, we gave the fourthyear medical students who took the elective a 10-question multiple-choice quiz to assess their knowledge of blood bank and transfusion medicine. The quizzes were collected and correct answers to the questions were not presented to the medical students immediately following the quiz. The quiz was followed with a 2-hour didactic lecture with integrated audience response questions and role-playing that included the following scenarios: critical value call by the blood bank technologist to a physician, consenting of a patient for a blood transfusion, and dealing with a demanding surgeon requesting a product stat. The scenarios were standardized in that the scripts were written and performed by the transfusion faculty. The lecture goals and objectives were based on the ACLPS foundations since these were created for medical students as an integrated concept with other laboratory medicine disciplines. The objectives were presented to the students at the beginning of the lecture in the appropriate format. Following the didactic part of the elective, groups of four to 10 students were formed and a "Jeopardy"-style (interactive question/answer) game, an education tool akin to those that have been used in other areas of medicine, 13, 14 was played to review the material that had been presented in the lecture. The elective ended with administering the same 10-question multiple-choice knowledge quiz that was given at the beginning of the elective. Repetition of the topics and concepts was performed using the different educational techniques (lecture, role-play, and interactive game) and aimed at reinforcing concepts. Blood product modifications and their use 10
Blood donors and screening 11
Use of therapeutic phlebotomy and apheresis procedures 12
HLA system and its role in transfusion medicine a Topics that were specifically covered in the knowledge quiz.
Evaluation of Implementation and Statistical Analysis
The topics of the quiz questions are marked in Table 1 . Not all ACLPS topics were assessed, and some were assessed by more than one question. The questions were created by one of the faculty and reviewed by the other transfusion medicine faculty presenting the elective. Each question had four answer choices, only one of which was correct. The questions covered topics that were broadly applicable to other medical specialties (eg, expected increase in platelet count after platelet transfusion, products requiring cross-matching, labeling of pretransfusion specimens, restarting transfusion after reaction), as well as topics that were specific to pathology (eg, expiration time depending on additives, time to report a fatality to the US Food and Drug Administration [FDA]), to expose students to the knowledge base required by transfusion specialists. To compare the initial and final quiz but maintain anonymity, we asked students to use the last four digits of their Social Security number on both quizzes. We calculated the range and average correct answers for the initial and final quiz, the percentage of students who had answered each of the 10 questions correctly for the initial and final quiz, and the range and average class improvement. A two-tailed t test was used to compare the number of correct answers from the initial and final quiz (GraphPad Prism; GraphPad Software, La Jolla, CA).
The first quiz also asked students if they had visited a blood bank during their training prior to activities in CAPSTONE and the specialty into which they had matched. The second quiz contained a survey that was used to assess student satisfaction with the elective. The survey included Likert scale answers to the different components of the elective (lecture, role-played scenarios, and "Jeopardy"-style game). Students were given qualifiers (very useful, not useful, difficult, demanding, puzzling, challenging, interesting, intimidating, informative, exciting, stimulating, take too much time, didactic, and practical) and asked to choose their top four regarding the elective (word cloud). They were also asked which activity was the most useful to retain concepts, as well as provide any suggestions for improving the elective.
Results
Of 116 students enrolled in the elective, 102 students completed the pre-and postknowledge quiz. Most of the students had matched into internal medicine (38), followed by surgical residencies (31). Other specialties into which the students had matched included pediatrics (11), emergency medicine (12) , anesthesia (9) , and obstetrics and gynecology (5) , plus a variety of other specialties, including radiology, dermatology, psychiatry, and family medicine (10) . Fifty-four (53%) students had visited a blood bank in our system during their medical school training before the elective and CAPSTONE (including the obligatory laboratory experience) took place.
An average score of 3.3 was obtained on the initial quiz, while the average score after completion of the elective was 6.6, with an average class improvement of 3.3 (range, 0-8). On the initial quiz, only three (3%) students had a passing score (≥6 correct questions) compared with 83 (81%) students on the final quiz. The P value of the twotailed t test was .0001 (95% confidence interval, -3.76 to -2.88). ❚Figure 1❚ shows the improvement of total score in the knowledge quiz before and after the elective. ❚Table 2❚ presents the questions and number of students answering each question correctly. It should be noted that all questions showed improvement; however, the most improvement was noted for two questions (platelet increment increase expected after platelet transfusion and transfusion reaction for which transfusion can be restarted). The three questions with the least amount of improvement included the one related to the time frame for notification of transfusion-related fatality to the FDA, the one related to antigens associated with transfusion-associated graft vs host reactions, and the one related to formation of antibodies after an infection.
❚Table 3❚ presents the results of the Likert scale questions related to the different parts of the elective. Overall, more than 70% of students agreed or strongly agreed that the different teaching modalities of the elective were useful to learn and retain concepts. In addition, 78% of students agreed or strongly agreed that the blood bank elective would help them in their daily work in residency. ❚Figure 2❚ shows the word cloud when choosing qualifiers ❚Figure 1❚ Results from evaluation showing improvement in total score on the knowledge quiz.
for the elective. The most frequently used positive qualifiers included informative (62 of 102, 61%), very useful (56, 55%), interesting (54, 53%), and practical (51, 50%), while the negative qualifiers chosen included challenging (21, 21%), difficult (8, 8%), and intimidating (6, 6%). Most of the write-in comments from students were positive and included the following: "Great, very helpful," "Loved jeopardy," "Very engaging," and "I think it is important that we get all this exposure before we start residency." There were not any outright negative write-in comments provided; nonetheless, there were some suggestions for improvement: "Send lectures beforehand so we can follow with the rapid pace and lots of information," "Include more clinical scenarios and involve students in them," and "Maybe have a couple of breaks and summary slides."
Discussion
Prior to the elective, our medical students demonstrated poor knowledge in transfusion medicine based on low preelective quiz scores, a finding similar to what has been reported by others. 5, 15, 16 However, medical student knowledge regarding the foundations of transfusion medicine improved significantly after the 4-hour elective, as demonstrated by the improved scores on the final quiz. The improved knowledge seen in our students mirrors other authors' efforts in teaching the fundamentals of transfusion medicine to medical school students. 15, 17 The transfusion medicine elective was enhanced by the medical student clinical laboratory experience. During this obligatory CAPSTONE experience, the entire graduating class toured one of the blood banks in our system, regardless if they took the blood bank elective. 12 As many teaching techniques exist (eg, lecture based, simulation, team learning, online/computer based), we had to decide which teaching techniques we were going to implement when developing the course, as we wanted to go beyond providing a traditional medical school lecture. Konia et al 15 actually assessed three teaching techniques (didactic session and simulation led by in-person faculty, online-only module, and a hybrid in-person and online technique) in the teaching of transfusion medicine to second-year medical school students. Interestingly, although they hypothesized that the online-only module would result in similar improvement in pre-and postquiz scores as the didactic session and simulation led by a faculty member, they noted the best-improved results among the group of students who received the didactic session and simulation. They attributed their results, at least in part, to the fact that novice learners, such as junior medical students, gain from having a teacher to guide and focus their learning. 18 We expanded the basic didactic format by adding simulation and a "Jeopardy"-style game to engage students.
Each of the elective components served to reinforce important information and knowledge. The didactic presentation format included several activities that fortified the same concepts in different ways. The lecture presented concepts, and the integrated audience response system allowed anonymous probing of knowledge of presented material. We included simulated role-playing to capitalize on important concepts and made them practical to clinical situations. Of interest, these have been shown as an effective modality of teaching concepts of transfusion medicine. 5 The "Jeopardy" game reviewed, in an engaging, interactive environment, information that had been presented during the lecture. The tour of the blood banks was not part of the elective but was an obligatory component of the laboratory experience so all students taking the elective did the tours that further helped the students taking the elective see how products are stored and issued. The combination of the different teaching methods not only provided the material but also allowed for repetition of concepts in a variety of situations without appearing tiresome.
Although the elective was well received, and the students learned transfusion medicine principles, the students identified some limitations and areas for improvement. Suggestions included the following: decrease the lecture time, decrease the speed of information delivery, include more clinical scenarios, increase student participation in the clinical scenarios, and divide the group into smaller subgroups prior to the interactive game. These critiques were taken into consideration and efforts taken to address the students' concerns. For example, some of the elective faculty were instructed to slow the pace of the presentations, focusing the material with summary points. In addition, evaluation using a knowledge quiz can measure only a small amount of knowledge acquired recently, which may not adequately estimate what was learned or that the students will retain these concepts once in practice. Nonetheless, it was encouraging that improvement could be observed by fourth-year medical students devoting a short period of time to learning transfusion medicine principles. The quiz did not count toward passing or failing a student and was not used as an incentive for completing the elective; however, the absence of consequence did not seem to matter as they appeared motivated to complete the elective and score well. Another limitation is the possible selection bias as the elective in the CAPSTONE selected for students interested in learning about transfusion medicine and thus may have been more motivated to learn. If possible, future iterations of the course will be given to medical students in the preclinical years and will offer the opportunity to assess retention of the information presented in the clinical years. Also, targeting all preclinical medical students will help eliminate the possible selection bias, as all preclinical students would be required to take the course.
Notwithstanding the limitations of the study, for those students who took the elective, the combination of activities and teaching techniques offered a variety of modalities and catered to different learning styles with an end result of improved knowledge of principles of transfusion medicine. Moreover, the CAPSTONE elective can be viewed as an integral part of the systems-based practice competency as these students were to become residents a few months after having taken the course. As the consequences of poor or incorrect transfusion practices are not inconsequential, it is vital that we supply medical students with the evidence-based knowledge as they will be the ones ordering blood products as residents.
In summary, we developed, implemented, and evaluated a 4-hour curriculum to teach transfusion medicine principles to medical students at the end of their medical school education. During the elective, medical students who are about to start their residency training gained a better understanding of transfusion medicine. We demonstrated a statistically significant increase in knowledge regarding transfusion medicine using a 10-question quiz. We believe that similar formats may be implemented by other medical schools to successfully impart transfusion medicine concepts to medical students. After all, if we are to work with physicians to improve transfusion practices, we must start by training them early in their medical careers.
